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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present Invention relates to a semiconductor 
laser 'device which is used in applications , such as a light 
source for wireless communication and sensing, where the 
device emits a light beam into a space and a human may 
see the light beam directly from its light source, and 
which ensures the safety of eyes. The present invention 
also relates to an optical transmission device and an 
optical transmission system using the above -de scribed 
semiconductor laser device. The present invention still 
further relates to an electronic device, a control device, 
and a communication device using the above-described 
optical transmission device or optical transmission 
system, such as a personal computer, a personal digital 
assistant, or a digital camera. The present invention 
further relates to a space optical transmission method 
and a data transmission and reception method. Moreover, 
the present invention is directed to a semiconductor laser 
device emitting a light beam having an enlarged spot; an 
optical transmission device and an optical transmission 
system capable of simultaneous transmission and 
reception; an electronic device and a fiber optical 
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transmission system, a control device, and a 
communication device uaing a fiber optical transmission 
system for multi-channel cable television (CATV) or 
audio-visual (AV) equipment; and a fiber optical 
transmission metnod and a data transmission and reception 
method. 

2. DESCRIPTION OF THE RELATED ART; 

At present, apace optical transmission using 
infrared light is widely used owing to- standardization 
and popularization by the Infrared Data Association 
(IrDA). For example. Figure 15 shows an example of the 
space optical transmission with which data is transferred 
between a personal computer 1500 and a personal digital 
assistant 1502. Using infrared light 1501, data such as 
addresses or schedules can be transferred over distances 
of up to about 1 m. 

Recently, the tranamission speed is ever growing 
with an increase in data capacity, changing from 1 Mbpa 
to 4 Mbps, and further to 16 Mbps . There is also a growing 
demand for an increase in transmission distance. The 
transmission at distances of up to about 8 m is possible 
in the IrDA control standard. In this case, the 
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transmission spe d is limited to about 75 Kbps, Further, 
there is an effort to transmit image information on 
wireles s cominunication . 

^ Significant progress has. been mad© in optical 
transmission technology using a fiber transmission path 
such as an optical fiber. In particular, plastic optical 
fibers are rapidly becoming widespread because. of their 
low cost and large fiber diameters. The large fiber 
diameter makes it easy to couple with a light emitting 
element* as compared with a single mode fiber. In the 
optical transmission technology using the POF, 100 Mbps 
or more is presently established using a semiconductor 
laser. 

At present/ light emitting diodes (LED) are used 
as light sources in the space optical transmission. Now 
commercially available LBDs are not suitable for higher 
speed and longer distance transmission in view of the 
following two points: 

(1) high-speed modulation is impossible due to the 
limitations of high-speed response characteristics of the 
LED; and 
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(2) power consumption is enormous in long distance 
transmission* 

As to the problem (1), the limit of a modulated 
5 frequency of typical LEDs is about 50 MHz. It is 
difficult to obtain a modulated frequency higher than 
about 50 MHz, Moreover, special LEDs capable of 
high-speed modulation dissipate very high power. As to 
the problem (2), for example, assuming that data is 
10 transmitted over a distance of 5 m at 40 Mbps, an LED alone 
dissipates as much as 1 W of power. 

In contrast, semiconductor laser devices are 
capable of high-speed modulation. Further, the 

15 semiconductor laser . devices require lower power 
consumption to obtain the same light beam output as 
compared with the LEDs • However, the semiconductor laser 
light beam itself exceeds a safety level of eyes, so that 
it is not allowable to emit the semiconductor laser light 

20 beam directly into a space* Moreover, the reliability 
of the semiconductor laser devices may be deteriorated 
during the high- output operation. 

Furthermore, the space optical transmission 
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system Is not capable of full-duplex transmission. This 
is a serious problem. The problem will then be described 
below* 

The electronic devices .such as the personal 
computer 1500 and the personal digital assistant 1502 
shown In Figure 15 include a transmission and reception 
unit including a set of a transmission unit having an LED 
and a reception unit having a light receiving element* 
An electronic device communicates via a set of a 
tranamlssion unit and a reception unit of another 
electronic device which may be the party on the either 
end of the communication. Figure 16 shows an example of 
a transmission and reception unit 1600 into which a set 
of a transmission unit 1601 and a reception unit 1602 are 
integrated. This is an attempt to realize small- size and 
low-cost IrDA parts. Each unit is covered with a molded 
resin. Particularly, a resin material which does not 
transmit visible light is used for the reception unit 1602 
in order not to be affected by noise due to background 
light, A typical LED has a wavelength band of 850-900 nm. 
Therefore, if visible light is blocked in the above- 
described manner, the background light noise can be 
reduced. 
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In the transmission and reception unit 1600, the 
transmission unit. 1601 emits a transmitted light 
beam 1603 having a directivity angle of about 3o*. The 
transmitted light beam 1603 travels to a reception unit 
(not shown) of the party on the other end of communication 
(hereinafter referred to as the "other party"), its 
intensity being attenuated inversely with the second 
power of the distance* Part of the transmitted light 
beam 1603 also reaches the reception unit 1602 adjacent 
to the transmission unit 1601 and is received by a light 
receiving element In the reception unit 1602 ♦ The amount 
of light detected by the reception unit 1602 Is small . 
Nevertheless, the intensity of such light is typically 
greater than or equal to that of a signal light beam from 
the other party, since the signal light beam is attenuated 
during transmission. Accordingly, when two-way 
communication is tested using two transmission and 
reception units, full-duplex communication cannot be 
attained. In this case, no more than half -^duplex 
communication is performed, so that the effective 
transmission speed is greatly reduced. 

Next, problems with the fiber optical 
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transmission system will be described. 

Figure 17 shows an example of a transmission and 
reception unit 1700 at one end of the fiber optioal 
transmission system using the POF* The transmission and 
reception unit 1700 includes a semiconductor laser 
chip 1715 in one package and a light receiving 
element 1705 in another package which are coupled with 
the POF 1716 and the POF 1717, respectively. The 
POF 1716 and the POF 1717 are fusion spliced into a single 
fiber 1718 reaching to the other party. In the optical 
transmission system, the transmission and reception unit 
at the other party employs a semiconductor laser chip and 
a light receiving element having the same characteristics 
as that of the transmission and reception unit 1700. The 
optical transmission system performs the half -duplex 
communication where one transmission and reception unit 
performs only transmission while the other transmission 
and reception unit performs only reception. 

The semiconductor laser chip 1701 emits a light 
beam having a very small spot of several micrometers . The 
POF 1716 has a large diameter • Therefore, the alignment 
of the semiconductor laser chip 1701 and the POF 1716 is 
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easier as compared with the single mode fiber. It is not 
as easy as the alignment of the LED and the POF. In the 
case of the full-duplex communication, two POPs are 
required and the two POFs must be fully separated. It 
is not possible to establish the full-duplex 
communication using a single fiber. 

SUMMARY OF THE INVENTION 

According to one aspect of the pr'asent invention, 
a semiconductor laser device includes a semiconductor 
laser chip; and a molded resin having a light diffusion 
capability. The semiconductor laser chip is covered with 
the molded resin. 

In one embodiment of this invention, the 
semiconductor laser chip does not directly contact the 
molded resin. 

In one embodiment of this invention, the 
semiconductor laser device further includes a light 
diffusion plate provided between the semiconductor laser 
chip and the molded resin. 
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In one embodiment o£ this invention^ the 
semiconductor laser chip includes a plurality of light 
emitting portions. 

In one embodiment of -this invention, the 
semiconductor laser chip Includes at least one light 
emitting portion having a width of about 7 jxm or more. 

In one embodiment of this invention, a 
semiconductor laser device further inalUdes at least one 
additional semiconductor laser chip. 

In one embodiment of this invention, the spot size 
and radiation angle of an emitted light beam can be 
controlled by adjusting the intervals between each light 
emitting portion of the semiconductor laser chip 
including a plurality of light emitting portions, and the 
size, material, and shape of the molded resin. 

In one embodiment of this invention, the spot size 
and radiation angle of an emitted light beam can be 
controlled by adjusting the width of the light emitting 
portion of the semiconductor laser chip including the 
light emitting portion having a width of about 7 |uim or 
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more, and the size, material, and dimension of the molded 
resin. 

m one embodiment of this invention, the spot size 
and radiation angle of an emitted light beam are 
controlled by adjusting the intervals between the 
semiconductor laser chips, and the size, material, and 
dimension of the molded resin. 

In one embodiment of this invention, materials 
having different refractive indexes are mixed into the 
molded resin. 

In one embodiment of this invention, the materials 
include a transparent epoxy resin and a silica resin. 

In one embodiment of this invention, a 
semiconductor laser device further includes a container 
for containing the aemiconductor laser device. The 
thermal resistance of the container is about 150 deg/W 
or less. 

In one embodiment of this Invention, the thermal 
resistance of the container is about 100 deg/W or leas. 
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In one embodiment of this invention , the plurality 
of light emitting portions of the semiconductor laser chip 
emit light beams having the same wavislength. 

In one embodiment of this invention, the 
semiconductor laser chips emit light beams having the same 
wavelength. 

In one embodiment of this invention, at least two 
of the plurality of light emitting portions of the 
semiconductor laser chip emit light beams having 
different wavelengths - 

In one embodiment of this invention, at least two 
of the semiconductor laser chips emit light beams having 
different wavelengths. 

In one embodiment of this invention, the 
wavelength of a light beam emitted by the semiconductor 
laser chip is selected from a wavelength band of about 
760 nm or more to about 1.5 (xm or less. 

In one embodiment of this invention, the 
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wavelength of a light beam emitted by the semiconductor 
laser chip is selected from the vicinity of any o£ about 
900 nm, about 1.1 \im, and about 1.4 |xm. 

In one embodiment of .this invention, the 
semiconductor laser chips are arranged in parallel* 

According to another aspect of the present 
invention, an optical transmission device in which the 
above-described semiconductor laser device is used as a 
light source is provided. 

In one embodiment of this invention, a light beam 
is transmitted via a space, or a light beam is transmitted 
via an optical fiber as a transmission path. 

According to another aspect of the present 
Invention, an optical transmission device includes a 
light emitting element capable of emitting light beams 
having different wavelengths; and a light receiving 
element capable of selectively receiving the light beams 
having different wavelengths. The above-described 
semiconductor laser device is used as the light emitting 
element . 
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According to another aspect of the present 
Invention, an optical transmission device Includes a 
light emitting element capable of emitting light beams 
having different wavelengths? and^i first light receiving 
element capable of selectively receiving the light beams 
having different wavelengths. Transmission of the light 
emitting element and reception of the first light 
receiving element are simultaneously performed - 

In one embodiment of this invention, the 
wavelength of a light beam received by the first light 
receiving element is determined, and the light emitting 
element emits a light beam having a wavelength other than 
the wavelength of the light beam received by the first 
light receiving element . 

In one embodiment of this invention, the optical 
transmission device further includes a second light 
receiving element capable of selectively receiving the 
light beams having different wavelengths. The first 
light receiving element is covered with a first molded 
resin, and the second light receiving element is covered 
with a second molded resin; and the range of the wavelength 
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of a light beam transmitting through the first molded 
resin does not overlap the range of the wavelength of a 
light beam transmitting through the second molded resin. 

In one embodiment of this .invention, the optical 
transmission device further includes a second light 
receiving element capable of selectively receiving the 
light beams having different wavelengths. A first 
wavelength filter is provided on the first light receiving 
element, and a second wavelength filter 1q provided on 
the second light receiving element; and the range of the 
wavelength of a light beam transmitting through the first 
molded resin does not overlap the range of the wavelength 
of a light beam transmitting through the second molded 
resin. 

In one embodiment of this invention, the range of 
the wavelength of a light beam transmitting through the 
first wavelength filter is greater than or equal to a 
specific wavelength, and the range of the wavelength of 
a light beam transmitting through the second wavelength 
filter is less than or equal to the specific wavelength. 

In one embodiment of this invention, at least one 
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In one embodiment of this invention, the 
wavelength range of the photosensitivity of the first 
light receiving element is greater than or egual to a 
specific wavelength, and the wavelength range of the 
photosensitivity of the second light receiving element 
is less than or equal to the specific wavelength. 

According to another aspect of the present 
invention, an optical transmission system includes a 
plurality of any one of the above- described optical 
transmission devices. 

In one embodiment of this invention, among the 
plurality of optical transmission devices, a light beam 
is transmitted via a space, or a light beam is transmitted 
via an optical fiber as a transmission path. 

In one embodiment of this Invention, among the 
plurality of optical transmission devices, a light beam 
is transmitted via a space, or a light beam is transmitted 
via an optical fiber as a transmission path. 

According to another aspect of the present 
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Of the wavelength filters is a hand pass filter. 

In one embodiment of this invention, the light 
emitting element includes a plurality of semiconductor 
laser* chips ♦ 

In one embodiment of this invention, the light 
emitting element includes a multi-wavelength laser 
element . 

In one embodiment of this invention, the plurality 
of wavelengths of light beams emitted by the light 
emitting element correspond to the plurality of 
wavelengths of light beams which are received by the first 
light receiving element. 

In one embodiment of this invention, the optical 
transmission device further includes a second light 
receiving element capable of selectively receiving the 
light beams having different wavelengths . The 
wavelength range of the photosensitivity of the first 
light receiving element does not overlap the wavelength 
range of the photosensitivity of the second light 
receiving element. 
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invention^ an electronic device includes the above - 
described semiconductor laser device. 

According to another aspect of the present 
invention^ an electronic device includes any one of the 
above-described optical transmission devices. 

According to another aspect of the present 
invention, a control device includes a light detection 
section for receiving an output of a- light receiving 
section receiving a light beam, and detecting a light 
reception state of the light receiving section; a 
determination section for determining whether the light 
receiving section is ready to receive the light beam based 
on an output of the light detection section; a 
demodulation section for demodulating the light beam to 
obtain received data, when the light receiving section 
is ready to receive the light beam; and a selection section 
for automatically selecting a wavelength different from 
the wavelength of the light beam and outputting 
information on the selected wavelength to a light emitting 
section. 

In one embodiment of this invention, the 


- 18 - 


00ROO216 


determination section includes a reception detection 
select circuit for controlling the light receiving 
section so that the light receiving section does not 
receive a light beam emitted by the light emitting 
section. 

According to another aspect of the present 
invention, a communication device includes a light 
emitting element capable of emitting light beams having 
a plurality of different wavelengths; a* light receiving 
element capable of selectively receiving the light beam 
having each wavelength; and the above- described control 
device* ' A semiconductor laser device including, a 
semiconductor chip^ and a molded resin for covering the 
semiconductor laser chip, having a light diffusion 
capability is used as the light emitting element. 

In one embodiment of this invention, the 
determination section includes a reception detection 
select circuit for controlling the light receiving 
section so that the light receiving section does not 
receive a light beam emitted by the light emitting 
section. 
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. In one mbodiment of this Inv ntion, the aontrol 
device has a protocol in which the control device controls 
the light emitting element so that the light emitting 
element transmits a light beam having a wavelength 
different from a wavelength detected by the light 
receiving element? connection is established after 
verifying that the wavelength of a light beam emitted by 
the light emitting element is different from the 
wavelength of a light beam received by the light receiving 
element. 

In one embodiment of this invention, the control 
device has a protocol in which the control device sets 
a random waiting time to avoid collision of connection 
establishments when the light emitting element emits a 
light beam having a wavelength and thereafter the light 
receiving element receives a light beam having the 
wavelength. 

According to another aspect of the present 
invention^ a connector includes a cylinder having 
opposite ends; a light receiving element provided inside 
the cylinder, for selectively receiving light beams 
having a plurality of different wavelengths. 
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In one embodiment of this invention, the light 
receiving element is provided on an inner surface of a 
wall of the cylinder. 

According to another aspect of the present 
invention, an optical transmission method is provided for 
transmitting and receiving a light beam using an optical 
transmission device including a light emitting element 
capable of emitting light beams having a plurality of 
different wavelengths and a light receiving element 
capable of selectively receiving a light beam having each 
wavelength. The method includes the steps of 
automatically determining a wavelength of a light beam 
received by the light receiving element among light beams 
having the plurality of wavelengths which the light 
receiving element can receive; and selecting a light beam 
having a wavelength different from the wavelength of a 
light beam received by the light receiving element and 
transmitting the selected light beam. 

According to another aspect of the present 
invention, a data transmission and reception method 
includes the steps of emitting a light beam having a first 
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wavelength as a transmission request signal to a second 
terminal, using a first terminal; verifying the 
transmission request signal using the second terminal 
when the second terminal receives the light heam having 
the fdrst wavelength; emitting a light beam having a 
second wavelength as a reception response signal to the 
first terminal, using the second terminal; verifying the 
reception response signal using the first terminal when 
the first terminal receives the light beam having the 
second wavelength. Based on the verifying the reception 
response signal, the first terminal and the second 
terminal simultaneously perform transmission and 
reception using the light beam having the first wavelength 
and the light beam having the second wavelength. 

In one embodiment of this invention, at least one 
of the first and second terminals is adapted not to detect 
a light beam having a wavelength emitted by the at least 
one of the first and second terminals for a predetermined 
period of time. 

In one embodiment of this invention, the 
predetermined period of time is randomly changed. 
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Hereinafter, functions of the present Invention 
will be described* 

In the present invention, the semiconductor laser 
chip ^and the molded resin having a light diffusion 
capability are combined so that a light beam emitted from 
the semiconductor laser chip is safely released into a 
space after being diffused by the molded resin, thereby 
making it possible to achieve high-speed transmission 
with low power consumption as compared with LEDs, 

The use of the multl- stripe semiconductor laser 
having a plurality of light emitting portions (so-called 
semiconductor laser array) reduces the resistance of the 
element, leading to a reduction in driving voltage, and 
further reduces a light density at the light emitting 
facet of the semiconductor laser chip, thereby improving 
the reliability of the semiconductor laser device, A 
similar effect applies to when the broad stripe 
semiconductor laser including a light emitting portion 
having a width of about 7 \im or more . Alternatively, when 
a plurality of semiconductor laser chips are used, the 
resistance of the element is reduced, leading to a 
reduction in driving voltage. Further, in this case, the 
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load of light output is shared by the plurality of 
aemiconductor laser chips, thereby improving the 
reliability of the element. 

The desired spot size and radiation angle o£ 
emitted light can be obtained by adjusting the intervals 
between the plurality of light emitting portions of such 
a semiconductor laser chip? the width of the light 
emitting portion of the semiconductor laser chip (to 7 |im 
or more); and the intervals between the plurality of 
semiconductor laser chips; the size of the molded resin 
through which light is transmitted? the materials (the 
amounts of the light diffusion materials) and shape of 
the molded resin. 

When materials having different refractive 
indexes are mixed into the molded resin, a light diffusion 
capability is given to the molded resin. If the molded 
resin is provided not to contact the semiconductor laser 
chip, substantially no distortion is applied to the 
semiconductor' laser chip in forming the molded resin, 
thereby improving the reliability- In particular, the 
thermal resistance of the container including the 
semiconductor laser chip is preferably about 150 deg/W 
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or less, more preferably 100 deg/W or leas. 

When a plurality of light emitting portions of the 
semiconductor laser chip, or a plurality of semiconductor 
laser^ chips emit a light beam having the same wavelength 
band, the reliability of the semiconductor laser device 
can be improved. Further, when at least two of a plurality 
of light emitting portionei of the semiconductor laser chip, 
or at least two of a plurality of semiconductor laser chips 
emit light beams having different wavelength bands, the 
full-duplex communication can be performed, as described 
later. 

In particular, when a light beam having a 
wavelength band of about 760 nm or more and about 1.5 \im 
or less, a extremely high level of reliability can be 
obtained as compared with any other wavelength band. 
Satisfactory optical transmission is obtained with the 
least noise If the wavelength band is in the vicinity of 
about 900 nm, about 1.1 |im, or about 1.4 fim. 

When the semiconductor laser device of the present 
invention is used as a light source, .light can be 
transmitted via a space at high speed with low power 
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consumption as compared with when an LED is used. 
Moreover, light I0 diffused by the resin portion ao that 
the safety of eyes is secured* A space optical 
transmission device, such as a transmission unit or a 
transmission end reception unit, whose reliability is 
satisfactory can also be realized. Furthermore, when the 
semiconductor laser device of the present invention is 
used as a light source, light can be transmitted via an 
optical fiber as a transmission path, at high speed with 
low power consumption. Moreover, a fiber optical 
transmission device, in which the light spot diameter is 
appropriately enlarged so that the light spot can be 
easily connected to the optical fiber and therefore the 
reliability is satisfactory, can also be realized* 
Therefore, high-speed data transfer can be realized with 
low power consumption by a personal computer, a personal 
digital assistant, an electronic device such as a digital 
camera, or the like when the semiconductor laser device 
or optical transmission device of the present invention 
is incorporated therein* still further, the spot 
diameter and radiation angle can be set to an appropriate 
range. Therefore, the semiconductor laser device of the 
present invention can be used as a light source for a 
sensor. 
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When the above-described semiconductor laser is 
used as a light emitting element, a plurality of light 
beams having different wavelengths can be separately 
emitted. In addition, when a light receiving element 
capable of selectively receiving the light beams having 
different wavelengths is included in the semiconductor 
laser / an optical transmission system can be achieved in 
which the full- duplex communicatton can be performed 
between a plurality of transmission and'reoeption units. 
For example, when one transmission and reception unit is 
placed opposing another one, light is transmitted and 
received' via a space, thereby making it possible to 
perform the full-duplex communication. The 
semiconductor laser device may include a combination of 
a semiconductor laser chip and a molded resin as d light 
emitting element. 

The wavelength of a light beam transmitted from 
the transmission and reception unit at the other party 
is automatically distinguished from a plurality of other 
light beams having different wavelengths. A wavelength 
other than the distinguished wavelength is selected and 
a light beam having such a wavelength la transmitted from 
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the party on this side. Whereas the space optical 
transmission such as IrDA is conventionally half -duplex 
communication/ the full-duplex space optical 
transmission can be realized in the present invention. 
Since' the wavelength of a light beam to be used in 
transmission is not necessarily specified in advance, 
symmetrical communication can be realized without 
separation such as a main phone and a cordless handset . 
Further, when the light receiving element of the 
transmission and reception unit is controlled in such a 
way not to receive a light beam emitted by its own light 
emitting element, the transmission and reception unit is 
preferably not affected by a signal emitted by its own 
light emitting element. Furthermore, the present 
invention may be applied to an application such as a 
wireless IEEE1394 serial bus expected as a next- 
generation multi-media interface and capable of 
transferring a digital AV signal at high speed* 

Further, conventionally, the dominating IEEE1394 
full-duplex optical communication system uses two fibers . 
The present system can be achieved using a single fiber. 

In the fiber optical transmission, the 
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cylindrical connector is used to connect the light 
emitting element with the optical fiber. The light 
emitting element is placed at one end of the connector 
while the optical fiber is placed at the other end of the 
connebtor. The light receiving element is placed inside 
the cylindrical connector* The use of the connector 
makes it easier to connect the light emitting device with 
the fiber. Moreover, when the light receiving device ia 
attached to the inner surface of the wall of the connector, 
a light beam emitted from the semiconductor laser device 
is not blocked by the light receiving element, thereby 
improving the utilization rate of a signal light beam. 

The control device of the present invention 
includes the light detection section for detecting a 
reception state for each wavelength of a light beam based 
on the output of the light receiving element; the 
determination section for determining whether it is the 
reception ready state or not when the wavelength of the 
light beam emitted from the other party is determined; 
the demodulation section for demodulating the light beam 
having the wavelength determined by the determination 
section to obtain reception data; and the selection 
section for automatically selecting a wavelength 
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different from the determined wavelength in transmitting 
a transmission request signal in response to the signal 
from the other party. Therefore, the optical 
transmission system, which can automatically determine 
the wavelength of a light beam transmitted from the other 
party <wnong light beams having a plurality of different 
wavelengths, and selects a wavelength other than the 
determined wavelength, can be realized. 

The communication device of the plresent invention 
selects and transmits a light beam having a wavelength 
different from the wavelength of a light beeim emitted from 
the other party and detected by the light . receiving 
element, when a transmission request is performed in 
response to the signal from the other party. Therefore, 
even when the terminal at the other party is changed, the 
setting of wavelength selection is not necessarily 
required. The communication protocol which is 
conventionally complicated can be simplified. Further, 
when the wavelength of a light beam from the other party 
is determined, a light beam having a wavelength different 
from the determined wavelength is selected, and after the 
difference between the transmitted light beam and the. 
received light beam is confirmed, the connection is 
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established. Such a protocol ensures that the 
wavelengths are separated and the full-duplex two-way 
data transmission and reception can be performed ♦ 
Furthermore, when a protocol in which each party sets its 
own random waiting time is used, connection collision can 
be avoided if transmission is simultaneously performed 
at two parties. Therefore, it is preferable that 
connection can eventually be established in any 
situation. 

Thus, the invention described herein makes 
possible the advantages of (1) providing a semiconductor 
laser device, an optical transmission device, an 
electronic device and a space optical transmission system, 
and a control device and a communication device thereof, 
and a space optical transmission method and a data 
transmission and reception method, which realize 
high-speed modulation, low power consumption, the safety 
of eyes, and high reliability, and which are suitable for 
the space optical transmission and realize full -duplex 
space optical transmission; . and (2) providing a 
semiconductor laser device, an optical transmission 
device, an electronic device and a fiber optical 
transmission system, and a control device and a 
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communication device thereof, and a fiber optical 
transmission method and a data transmission and reception 
method, which realize high-speed transmission, low power 
consumption, and easy alignment with a fiber, and which 
are suitable for the fiber optical transmission and 
realize full-duplex fiber optical transmission. 

These and other advantages of the present 
invention will become apparent to those skilled in the 
art upon reading and understanding the following detailed 
description with reference to the accompanying figures, 

BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 is a perspective view showing a 
semiconductor laser device according to Embodiment l of 
the present invention* 

Figure ZA is a cross-sectional view showing the 
semiconductor laser device of Embodiment 1. 

Figure 2B is a cross -sectional view showing a 
variant of the semiconductor laser device of 
Embodiment 1 . 
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Figure 3 is a cross -sectional view showing a 
semiconductor laser device of Embodiment 2 of the present 
invention. 

Figure 4 is a perspective view showing a 
semiconductor laser device according to Embodiment 3 of 
the present invention. 

Figure 5A is a perspective view showing an optical 
transmission and reception unit according to Embodiment 3 
of the present Invention. 

Figure 5B is a perspective view showing an optical 
transmission and reception system according to 
Embodiment 3 of the present invention. 

Figure 6A is a cross -sectional view showing an 
optical transmission and reception unit according to 
Embodiment 4 of the present invention. 

Figure 6B is a perspective view showing an optical 
transmission and reception system according to 
Embodiment 4 of the present invention. 
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Figure 7 Is a diagram showing a connection 
establishment proto.col when one of two termlnale starts 
transmission. 

Figure 8 is a diagram showing a oonneotlon 
estahlishment protocol when both of two terminals start 
transmission. 

Figure 9 is a block diagram' of the signal 
processing circuits of a semiconductor laser driving 
circuit and a light receiving element for automatically 
establishing connection* 

Figure 10 is a diagram showing an example of a 
circuit for realising a determination circuit and a 
transmission selector in Figure 9 by hardware. 

Figure llA is a cross-sectional view showing an 
optical transmission and reception unit according to 
Embodiment 5 of the present invention* 

Figure IIB is a perspective view showing an 
optical transmission and reception system according to 
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Embodiment 5 of the present invention. 

Figure 12 is a diagram showing a two-way Infrared 
communication experimental device according to 
Embodiment 6 of the present invention. 

Figure 13 is a cross -sectional view showing a. 
fiber optical transmission unit according to Embodiment 8 
of the present invention. 

Figure 14 is a cross -sectional view showing a 
fiber optical transmission unit according to Embodiment 9 
of the present Invention. 

Figure 15 is a diagram showing a conventional 
optical transmiasion system using infrared light. 

Figure 16 is a cross -sectional view showing a 
conventional transmission and reception unit using 
infrared light. 

Figure 17 is a cross-sectional view showing a 
transmission and reception unit used in a conventional 
fiber optical transmission. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present 
invention will be described with reference to the 
accompanying drawings. 

( Embodiment 1 ) 

Figure 1 is a perspective view showing a 
semiconductor laser device 100 according to Embodiment 1 
of the present Invention. Figure 2A is a cross-sectional 
view thereof. The semiconductor laser device loo 
includes two semiconductor laser chips 1 and 2 which are 
contained in a typical semiconductor laser package. The 
package are entirely covered with a molded resin 3. The 
semiconductor laser chips 1 and 2 are fixed to a heat 
sink 4 which is integrally molded with a metal stem 5. 
The semiconductor laser chips 1 and 2 have a satisfactory 
heat radiation capability. In Embodiment 1, the thermal 
resistance of each of the packages of the semiconductor 
laser chips 1 and 2 is about 90 deg/W. Surfaces opposite 
to the heat sink 4 of the semiconductor laser chips 1 and 
2 are electrically connected to each other via a common 
lead-pin 6 and a wire 7. Accordingly, the semiconductor 
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laser ahlps 1 and 2 are aonneated to each other in parallel, 
so that a current is simultaneously supplied to the 
semiconductor laser chips 1 and 2 which emit a light beam 
in synchronization with each other. 

In general, the spot sizes of light beams emitted 
by the semiconductor laser chips 1 and 2 are very small, 
i*e*, several micrometers. If such a light beam is 
condensed by a lens or the like^ the density thereof is 
so increased that the light beam is likely to injure a 
retina of an eye. For this reason, the international 
standard IEC60825-1 has been established for the 
semiconductor laser chip. When the semiconductor laser 
chip emits a light beam into a space, the safety is ensured 
if the emitted light beam is within a range regulated by 
the standard. 

In Embodiment 1, the semiconductor laser chips 1 
and 2 are covered with the molded resin 3 having an ability 
to diffuse light in order to attempt to enlarge the spot 
of a light beam emitted by the semiconductor laser chips 1 
and 2. As a result, the light spot is enlarged up to about 
10 mm, thereby ensuring the safety of eyes. In 
Embodiment 1, the light diffusion resin 3 is made of a 
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mixture of a transpar nt epoxy resin and a silica resin 
which have different refractive indexes • 

The semiconductor laser chips 1 and 2 are 
encapsulated by a cap 9 having ■ a cap glass 8 before 
covering the semiconductor laser chips 1 and 2 with the 
molded resin 3. The inside of the cap 9 is filled with 
nitrogen gas, thereby Improving the reliability of the 
semiconductor laser chips 1 and 2. When the 
semiconductor laser chips I and 2 are covered with the 
molded resin 3 without the cap 9, the semiconductor laser 
chips 1 and 2 are degraded in a short time* This may be 
because the semiconductor laser chips 1 and 2 are affected 
by distortion in molding the resin 3. Preferably, the 
semiconductor laser chips 1 and 2 do not contact the 
resin 3. 

In Embodiment 1, the spot size is enlarged by the 
light diffusion resin 3. Other ways having a similar 
effect can be used. For example, as shown in Figure 2B, 
a light diffusion plate 15 may be used instead of the cap 
glass 8. The light diffusion plate 15 may be a ground 
glass obtained by roughening a surface of a glass. In 
this case, the diffusion effect of the resin provided on 
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the plate may be small, so that the amount o£ a diffusion 
material such as a silica resin may be reduced. 
Alternatively, when light is diffused by the molded 
resin 3, the diffusion material may not be uniformly mixed, 
but mbre diffusion material may be distributed in one 
portion while less diffusion material may be distributed 
in another portion. The same effect can be obtained. 

In order to obtain optical transmission in which 
data is transferred to distances of up' to about 8 m at 
40 Mbps using a light beam having a directivity angle of 
about 30**, a light output of about 3 50 mW is required. 
When such a high light output is radiated by a single 
element, the reliability of the semiconductor laser chip 
is largely reduced. In Embodiment 1, the semiconductor 
laser device 100 includes the two semiconductor laser 
chips 1 and 2. The two semiconductor laser chips 1 and 
2 share the load of the light output. That is, each chip 
only outputs 175 mW of light output. The reliability of 
the semiconductor laser chip is such that the mean time 
to failure is inversely proportional to the second power 
of the level of light output, and the reliability is 
improved by a factor of four. Needless to say, the number 
of chips may be increased in order that the reliability 
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can b furth r improved • 

In Embodiment 1, the two semiconductor laser 
chips 1 and 2 emit a light beam having a, wavelength band 
of about 980 nm* According to an experiment in which a 
semiconductor laser chip having a wavelength band of about 
760 nm to about 1,5 fim was used, it was possible to secure 
a high level of reliability compared with other wavelength 
bands. As to how the radiation characteristics vary over 
time, only the element having a wavelength band of about 
760 nm to about 1,5 (lUn had stable characteristics. 
Although the reason for this phenomenon is not clearly 
understood/ it is speculated that the resin is damaged 
due to light in the case of other wavelength bands. 

In addition, the optical transmission 
characteristics were studied by changing the wavelength 
thereof within the above -described range. The 
transmitted light beam had a smallest level of noise, so 
that satisfactory optical transmission was obtained, when 
the wavelength of the emitted light beeun was in the 
vicinity of any of about 900 nm, about 1,1 \m, and about 
1.4 |xm. Although the reason is not clearly understood, 
it is speculated that the intensity of background light 
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or an influence of sunlight is minimized in such 
wavelengths, particularly because a field experiment 
demonstrated a significant effect. 

Optical transmission up to a distance of about 8 m 
at 40 Mbps was performed using the semiconductor laser 
device 100 of Embodiment 1 . The power consumption of the 
semiconductor laser device 100 was about one third as much 
as that of the LED. That is, significantly low power 
consumption was achieved- A high-speed transmission 
experiment was also conducted* As a result, although the 
transmission distance became shorter, the transmission 
characteristics were stable at about 100 Mbps and also 
about 1 Gbps, 

In Embodiment 1 , the pac]cage has a thermal 
resistance of about 90 deg/W. In addition, several 
packages having different thermal resistances were 
subjected to an experiment in which the reliability was 
examined. The experiment demonstrated that an element 
having a thermal resistance of more than about 150 deg/W 
was degraded in an early period* Elements having a 
thermal resistance of about 150 deg/W or less exhibited 
stable reliability. More particularly, elements having 
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a thermal resistance of about 100 deg/W or less exhibited 
extremely satisfactory reliability. 

Note that some use environments do not require 
such a high reliability. In such oases, packages having 
a large thermal resistance are available. For example, 
an element, in which a semiconductor laser chip is mounted 
on a lead frame for a light emitting diode and is covered 
with a similar molded resin, was fabricated. Such an 
element exhibited a sufficient reliability in the case 
where the element was incorporated in a personal digital 
assistant and was operated for short times. 

In an additional experiment, a plurality of 
semiconductor laser chips were connected in parallel , In 
this case , the resistance of the overall chips was lowered, 
so that the driving voltage was reduced . In Embodiment 1 , 
a driving circuit needed a driving voltage of about 3 V 
or less, resulting in low power consumption. 

Furthermore, in the semiconductor laser 
device 100 of Embodiment 1, the spot size and the 
radiation angle can he controlled. This will be 
described below. 
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In Embodiment 1, light beams emitted by the 
semiconductor laser chips 1 and 2 are diffused by the 
resin 3 having the ability to diffuse light • The larger 
the spot size of a light beam emitted from the resin 3, 
the longer the distance over which the light beam travels 
in the resin 3* From the viewpoint of the safety of eyes, 
the spot size is preferably as large as possible. When 
the distance over which the light beam travels in the 
resin 3 is Increased in order to enlarge the spot si2e, 
the final radiation angle is inevitably enlarged » An 
unnecessarily large radiation angle causes an decrease 
in the amount of effective light. This leads to an 
increase in power consumption. 

In contrast, as shown in Figure 2A, in the case 
where a plurality of semiconductor laser chips are used, 
the spot size of the emitted light beam becomes larger 
in accordance with the distance between the positions of 
the light emitting points as compared with the case where 
a single semiconductor laser chip is used, even when the 
distance over which the light beam travels in the resin 3 
is the same in both cases. Therefore, the size of the 
molded resin 3 to obtain the desired spot siae can be small. 
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requiting in a narrow radiation angle. Accordingly, in 
Embodiment 1, the spot size and radiation angle of the 
emitted light beam can be controlled by adjusting the 
distance between a plurality of semiconductor laser chips 
and the size of the molded resin. 

In the case where a single ' semiconductor laser 
chip is covered with a molded resin, the setting of the 
radiation angle to 30** results in the spot size of the 
emitted light beam being about 7 mm. The setting of the 
radiation angle to 20** results in the spot size of the 
emitted light beam being about 5 mm. When a higher light 
output is required while keeping the same radiation angle, 
the spot size needs to be larger. In the case of the single 
semiconductor laser chip, it is impossible that only the 
spot size of the emitted light hesm is enlarged while 
keeping the same radiation angle. The diffusion of light 
in the resin needs to be enhanced in order to enlarge the 
spot size of the emitted light beam. To this end, the 
amount of a diffusion material in the resin, such as a 
silica resin, needs to be increased. This however leads 
to an increase in radiation angle. That is , the radiation 
angle and the spot size cannot be separately controlled. 
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Consider the case where a plurality of 
semiconductor laser chips are used, and the resin 3 is, 
for example, . created such that the radiation angle is 
about 30* and the spot size of the emitted light beam is 
about' 7 mm. The light emitting points of two 
semiconductor laser chips is placed about 3 mm apart from 
each other. Each semiconductor laser chip emits a light 
beam having a spot size of about 7 mm and a radiation angle 
of about 30*, similar to a single semiconductor laser chip * 
Since the two semiconductor laser chips are placed in 
parallel , the spot size of about 10 mm can be seen from 
outside the semiconductor laser device 100, As 
described above, when the distance between the 
semiconductor laser chips is increased, the spot size seen 
from the outside is also basically enlarged. Note that 
when the distance between the semiconductor laser chips 1 
and 2 is too large, the light intensity distribution 
adversely has two peaks. Such a case should be avoided. 
Although the two semiconductor laser chips are placed 
horizontally, i.e., in parallel, the number of the 
semiconductor laser chips may be increased so that the 
intensity distribution of the emitted light beam can be 
corrected. Further, a plurality of semiconductor laser 
chips may be placed vertically, i.e., in series, by 
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changing the design of the package. 

When a narrower radiation angle is desired, the 
above-described adjustment may be performed while the 
amount of the light diffusion resin 3 is reduced • As 
described above, the radiation angle and spot size of the 
emitted light beam can be separately controlled by 
adjusting the number of semiconductor laser chips, the 
arrangement thereof, or the amounts of the light diffusion 
resin or the size of the molded resin/ and the like. 

In a situation where a narrow radiation angle can 
be used, the same light transmission speed and 
transmission distance can be obtained at lower light 
intensity. In this case, the reliability of the 
semiconductor laser chip can be greatly Increased. For 
example, when a light beam haying a radiation angle of 
about 20^ is transmitted to a distance of about 8 m at 
40 Mbps, a light output of as small as 160 mW is required. 
When the load of the light output is shared by two 
semiconductor laser chips 1 and 2, each chip only output 
80 mW of light output. The reliability of the 
semiconductor laser chip is dramatically improved. 
Needless to say, the number of chips may be increased or 
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the distance between the semiconductor laser chips may 
be increased in order that a narrower radiation angle can 
be further improved. Moreover, the semiconductor laser 
chips may be skewed so that the radiation direction is 
tilted from the vertical direction. 

In Embodiment 1, a plurality of semiconductor 
laser chips each emitting a light beam having the same 
wavelength are covered with the molded resin 3. The 
plurality of semiconductor laser chipisi may emit light 
beams having different wavelengths. For example, two 
semiconductor laser chips emitting light having 
wavelengths of 910 nm and 950 nm, respectively, may be 
covered with the molded resin 3. In this case, a 
thus-constructed semiconductor laser device is included 
in a system at a transmitting side while two receiving 
elements capable of separately receiving two light beams 
having different wavelengths are included In a system at 
a receiving side. The separation of two light beams 
having different wavelengths at the receiving side can 
be achieved using a band filter or the like. An effective 
usage of such a semiconductor laser device is the 
following. A wide band signal, such as an image signal, 
is split into two signals. The two signals are. 
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flitnultaneously transmitted by the respective two laser 
light beams . With this method, it is possible to transmit 
information, which requires more bands than that supplied 
by a single semiconductor laser chip, using two 
semic'onductor laser chips. The two signals can be 
transmitted by a wavelength separation method. 

(Embodiment 2) 

Figure 3 is a cross-sectional view showing a 
semiconductor laser device 300 according to Embodiment 2 
of the present invention. In Embodiment 2, the 
semiconductor laser device 300 includes a multi-stripe 
semiconductor laser chip 11 (so-called semiconductor 
laser array) . In Figure 3, the stripe of a light emitting 
portion of the multl- stripe semiconductor laser chip 11 
is not shown, but a pattern of the emitted light beams 
is shown. 

In the semiconductor laser device 300, the 
multi- stripe semiconductor laser chip has a plurality of 
light emitting portions (stripes) , so that the resistance 
of the semiconductor laser chip is decreased. Therefore, 
a driving voltage can be reduced. Further, similar to 
Embodiment 1, the spot size of the emitted light beam can 
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be increased by adjusting the distance between the light 
emitting portions while maintaining the radiation angle. 
The light density at a light emitting facet of the 
semioonduotor laser chip can be reduced, thereby securing 
the reliability even in the case of- a single semiconductor 
laser. This la an advantageous point. In Embodiment 2, 
the stripes may be advantageously sloped by dry etching 
to form a mirror. 

Alternatively, a wide- stripe semiconductor laser 
chip may be used to reduce the light density at a light 
emitting facet of the semiconductor laser chip. Also in 
this case, the reliability can be secured even in the case 
of a single semiconductor laser chip. 

The inventors conducted an experiment in which the 
wavelength band o£ the aemiconductor laser chip was 
changed in the range of about 760 nm to about 1.5 p.m. Whan 
the stripe width was about 7 ]xm or more, the spot size 
and the radiation angle could be easily controlled. 
Further, the spot size and the radiation angle can be 
easily controlled by adjusting the interval between the 
stripes. The radiation characteristics of the 
semiconductor laser chip did not vary over time. The 
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semiconductor laser chip having a wavelength band of about 
760 nm to about 1.5 \m has greatly satisfactory 
characteristics compared with semiconductor laser chips 
having other wavelength bands. 

In Embodiments 1 and 2, the semiconductor laser 
device is used as an only-transmitting unit. The same 
effect is obtained when the semiconductor laser device 
is incorporated into the conventional transmission and 
reception unit 1600 as shown in Figure 16. A space 
optical transmission system including the transmission 
and reception unit can be operated in a very stable manner, 
and the reliability thereof is also satisfactory. 
Further, the semiconductor laser device can be 
effectively utilized as a light source for a sensor by 
adjusting the radiation angle and the spot size, thereby 
obtaining a stable operation.. 

In Embodiments 1 and 2, a plurality of 
semiconductor laser chips are connected to each other in 
parallel. A plurality of semiconductor laser chips may 
be connected to each other in series* Needless to say, 
the same effect can be obtained. Note that the parallel 
connection does not cause a reduction in resistance. 
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(Embodiment 3) 

Figure 4 is a perspective view showing a 
semiconductor laeer device 400 according to Embodiment 3 
of the present invention- In Embodiment 3, the 
semiconductor laser device 400 includes a semiconductor 
laser package including two semiconductor laser chips 12 
and 13. The semiconductor laser device 400 differs from 
that of Embodiment 1 in the following points. 

1. The semiconductor laser chips 12 and 13 have 
different oscillation wavelengths . In Embodiment 3, the 
semiconductor laser chip 12 has an oscillation wavelength 
of about 980 nm. The semiconductor laser chip 13 has an 
oscillation wavelength of about 920 nm. 

2. The semiconductor laser chips 12 and 13 are 
connected via the respective wires to different lead- 
pins 6 and 66, respectively. Accordingly, the package 
includes one more lead-pin than Embodiment 1. 

Next, a transmission and reception unit 500 
including the semiconductor laser device 400, and a space 
optical transmission system using the transmission and 
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reception unit 500 will be described with reference to 
Figure SA. The transmission and reception unit 500 
includes a transmission unit 521 and first and second 
reception units 522 and 523. In Embodiment 3, the 
eemicbnductor laser device 400 is used as the 
transmission unit 521. The first reception unit 522 
includes a resin 3a and a light receiving element 24a. 
The second reception unit 523 includes a resin 3b and a 
light receiving element 24b. 

The transmission unit 521 includes the 
semiconductor laser chips 12 and 13 having two different 
oscillation wavelengths shown in Figure 4 which are 
covered with the resin 3. The light receiving 
elements 24a and 24b include in the reception units 522 
and 523, respectively, are identical and made of silicon. 
The resins 3a and 3b which cover the identical light 
receiving elements 24a and 24b, respectively, are 
different from each other. The resin 3a included in the 
first reception unit 522 does not transmit a light beam 
having a wavelength of about 950 nm or less . The resin 3b 
includes in the second reception unit 523 did not transmit 
a light beam having a wavelength of about 900 nm or less. 
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An optical tranamlaalon system 550, in which 
two-way oommunication Is conducted using two transmission 
and reception units 500, will be described with reference 
to Figure 5B. For the purpose of clear description, the 
two transmission and reception - units are separately 
indicated by reference numerals 501 and 502. It is 
assumed that the transmission and reception unit 302 at 
the other party transmits a signal 530 which is in turn 
received by the transmission and reception unit 501 . The 
transmission and reception unit 501 Includes the 
transmission unit 521A and the first and second reception 
units 522A and 523A. The transmission and reception 
unit 502' includes the transmission unit 521B and the 
first and second reception units 522B and S23B. 

The transmission unit 521B of the transmission 
and reception unit 502 includes the semiconductor laser 
chips 12 and 13 having two wavelengths of 980 nm and 
920 nm. When a signal light beam 530 reaches the 
transmission and reception unit 501 from the transmission 
and reception unit 502 at the other party, it is unclear 
which of the semiconductor laser chips 12 and 13 is used 
for the transmission- To overcome such a situation, when 
the first or second reception unit 522A or 523A of the 
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transmieaion and reception unit 501 receives the 
transmitted signal light beam 530, the transmission and 
reception unit 501 examines the levels of the first and 
second reception units 522A and 523A in the following way 
so as- to determine the wavelength of the signal light 
beam 530 transmitted from the transmission unit 521B of 
the transmission and ' reception unit 502 at the other 
party. 

State 1: When the transmlseioti and reception 
unit 501 receives the signal light beam 530 by the first 
and second reception units 522A and 523A, it is determined 
that the transmission unit 521B of the transmission and 
reception unit 502 at the other party transmitted laser 
light beam having a wavelength of 980 nm. 

State 2: When the transmission and reception 
unit 501 receives the signal light beam 530 not by the 
first reception unit 522A but by the second reception 
unit 523A, it is determined that the transmission 
unit 521B of the transmission and reception unit 502 at 
the. other party transmitted laser light beam having a 
wavelength of 920 nm. 
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In this way, it la possible to determine the 
wavelength of the laser light beam 530 used by the 
transmission unit 521B of the transmission and reception 
unit 502 at the other party, since there were only the 
above-described two states in the case of reception of 
the laser signal 530 from the transmission and reception 
unit 502 at the other party. Such determination can be 
done in a short time* Baaed on this, the wavelength of 
the laser light beam 540 to be transmitted by the 
transmission unit 521A of the transmission and reception 
unit 501 to the transmission and reception unit 502 at 
the other party is determined. Such a wavelength is set 
to a wavelength different from that used by the 
transmission unit 52IB of the transmission and reception 
unit 502 at the other party. 

In the case of the state 1/ the transmission and 
reception unit 501 transmits a light beam having a 
wavelength of 920 nm. In this case, a light beam 
transmitted from the transmission unit 521A of the 
transmission and reception unit 501 is not received by 
the first reception unit 522A of the transmission and 
reception 501, but only by the second reception unit 523A. 
Accordingly, the transmission and reception unit 501 
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received the laser light beam 530 from the transmission 
unit 521B of the transmission and reception unit 502 at 
the other party, using the first reception unit 522A 
without an influence of the transmitted signal of the 
transmission unit 521A of the transmission and reception 
unit 501. Note that the transmission and reception 
unit 502 inevitably reaeives the transmitted signal from 
the transmission and reception unit 501 by the reception 
units 522B and 523B of the transmission and reception 
unit 502. Thus, only the transmission and reception 
unit 501 can conduct the simultaneous transmission and 
reception. 

In the case of the state 2, the transmission and 
reception unit 501 transmits a light beam having a 
wavelength of 980 nm. In this case, the transmitted 
light beam from the transmission unit 521A of the 
transmission and reception unit 501 is received by both 
the first and second reception units S22A and 523A of the 
transmission and reception unit 501. Thus, only the 
transmission and reception unit 502 at the other party 
can conduct the simultaneous transmission and reception. 

In Embodiment 3, the identical transmission and 
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reception units 500 are used, Thus, the full-duplex 
communication can be achieved using such general-purpose 
transmission and reception units. The cost of the 
transmission and reception unit is low. The mass 
production of the transmission ^nd reception unit is 
possible. The present invention is not limited to the 
case where the identical transmission and reception units 
are used. The present invention includes the case where 
the reception unit has a restricted reception wavelength 
so that at least one transmission and reception unit can 
conduct the full-duplex communication. 

(Embodiment 4 ) 

In Embodiment 4, a space optical communication 
system, in which the full-duplex communication is always 
possible, will be described. Figures 6A and 6B are 
diagrams showing a space optical transmission unit 6O0 
of Embodiment 4, The space optical transmission 
unit 600 includes a transmission unit (not shown) and 
first and second reception units 622 and 623. 
Embodiment 4 differs from Embodiment 3 in the following 
points. 

1, The molded resin does not have wavelength 
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selectivity, 

2. F-lrst anfl second wavelength selective 
filters 625 and 626 are provided on light receiving 
elements 624 of the first and second reception units 622 
and 623, respectively • 

3. The first wavelength selective filter 625 
transmits a light beam having a wavelength of about 950 am. 
or more. The second wavelength selective filter 626 
transmits a light beam having a wavelength of about 950 nm 
or less. 

Two-way communlaatlon was conducted using two 
transmission and reception units 600. For the purpose 
of clear description, the two transmission and reception 
units are separately indicated by reference numerals 601 
and 602 as shown in Figure 6B. It is assumed that the 
transmission and reception unit 602 at the other party 
transmits a signal which is in turn received by the 
transmission and reception unit 601. The transmission 
and reception unit 601 includes the transmission 
unit 621A and the first and second reception units 622A 
and 623A* The transmission and reception unit 602 
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includes the transmission unit 621B and the first and 
second reception units 622B and 623B. 

The transmission unit 621B of the transmission 
and.rfeceptlon unit 602 includes the semiconductor laser 
chips X2 and 13 having two wavelengths of 980 nm and 
920 nm- When a signal light beam reaches the 
transmission and reception unit 601 from the transmission 
and reception unit 602 at the other party, it is unclear 
which of the semiconductor laser chips 12 and 13 is used 
for the transmission. To overcome such a situation, when 
the first or second reception unit 622A or 623A of the 
transmission and reception unit 601 receives the 
transmitted signal light beam, the transmission and 
reception unit 601 examines the levels of the first and 
second reception units 622A and 623A in the following way 
so as to determine the wavelength of the signal light beam 
transmitted from the transmission unit 621B of the 
transmission and reception unit 602 at the other party. 

State 1; When the transmission and reception 
unit 601 receives the signal light beam by the first 
reception unit 622A, but not by the second reception 
unit 623A, It is determined that the transmission 
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unit 621B of the transmission and reception unit 602 at 
the other party transmits a laser light beam having a 
wavelength of 980 nm to the transmission and reception 
unit 601. 

State 2: When the transmission and reception 
unit 601 receives the signal light beam not by the first 
reception unit 622A but by the second reception unit 623A, 
it is determined that the transmission unit 621B of the 
transmission and reception unit 602 at the other party 
transmits a laser light beam having a wavelength of 920 nm 
to the transmission and reception unit 601. 

In this way, it is possible to determine the 
wavelength of the laser light beam used by the 
transmission unit 621B of the transmission and reception 
unit 602 at the other party, since there are only the 
above -described two states in the case of reception of 
the laser signal from the transmission and reception 
unit 602 at the other party ♦ Such determination can be 
done in a short time. Based on this, the wavelength of 
a laser light beam to be transmitted by the transmission 
unit 621A of the transmission and reception unit 601 to 
the transmission and reception unit 602 at the other party 
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is determined. Such a wavelength Is set to a wavelength 
different from that used by the transmieslon unit 621B 
of the transmission and reception unit 602 at the other 
party. 

In the case of the state 1, the transmission 
unit 621A of the transmission a,nd reception unit 601 
transmits a light beam having a wavelength of 920 nm. In 
this case, a light beam transmitted from the transmission 
unit 621A of the transmission and reception unit 601 is 
not received by the first reception unit 622A of the 
transmission and reception 601, but only by the reception 
unit 623A. Accordingly, the transmission and reception 
unit 601 receives the laser light beam from the 
transmission unit 621B of the transmission and reception 
unit 602 at the other party, using the first reception 
unit 622A without an influence of the transmitted signal 
from the transmission and reception unit 601. Thus, the 
full- duplex communication is realized. 

In the case of the state 2, the transmission 
unit 621A of the transmission and reception unit 601 
transmits a light beam having a wavelength of 980 nm. 
In this case, a light beam transmitted from the 
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tranamiesion unit 621A of the transmission and reception 
unit 601 lei received by the first reception unit 622A o£ 
the transmission and reception 601, but not by the 
reception unit 623A. Accordingly, the transmission and 
reception unit 601 receives the laser light beam from the 
transmission unit 621B of the transmission and reception 
unit 602 at the other party, using the second reception 
unit 623A without an influence of the transmitted signal 
from the transmission and reception unit 601. Thus, the 
full-duplex communication Is realised; 

Therefore, in either case, the wavelength of the 
signal light beam from the transmission unit 621B of the 
transmission and reception unit 602 is determined in a 
short time. The semiconductor laser to be used in the 
transmission unit 621A of the transmission and reception 
unit 601 is determined. Using the determined 
semiconductor laser, the transmission and reception 
unit 601 transmits a signal light beam to the transmission 
and reception unit 602. Thus, the full-duplex 
communication is realized. 

In Embodiment 4 , one of the two wavelength filters 
transmits a light beam having a given wavelength (950 nm) 
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or more. The other wavelength filter of the two 
wavelength filters transmits a light team having a given 
wavelength {950 nm) or less. The range of the wavelength 
filter is not limited to this. The present invention 
includes the case where the wavelength ranges of light 
beams transmitted in the two wavelength filters do not 
overlap each other. It will be understood by those 
skilled in the art that a band bass filter may be used 
as the wavelength filter. 

Further, three or more semiconductor laser chips 
having different wavelengths may be used. If at least 
one band pass filter is used as a wavelength filter 
provided for the light receiving element, simultaneous 
communication among three or more parties is possible in 
theory. 

Next, a procedure for establishing a connection 
before starting the signal transmission and reception 
will be described in more detail* It is assumed that the 
transmission and reception are conducted between a 
terminal A and a terminal The terminals A and B each 
include a plurality of semiconductor laser chips or a 
mult i -wavelength laser element capable of transmitting 
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two light beams having dif f rent wavelengths , Xl and X2 ; 
and a light emitting element including a determination 
means capable of determining these wavelengths. 

Initially, a procedure' for establishing a 
connection, where the terminal A starts transmission 
earlier than the terminal B, will be described with 
reference to Figure 7. In Figure 7, time elapses from 
the top to the bottom. 

In step 1, the terminal A verifies that no data 
signal light beam or transmission request signal from 
other terminals is being detected. Thereafter, the 
terminal A transmits a transmission request signal to the 
terminal B using a light beam having a wavelength of Xl. 

In step 2s if the terminal B verifies the 
transmission request signal from the terminal A, then the 
terminal B transmits a reception response signal 
informing the transmitting side of the reception using 
a light beam having a wavelength of X2. 

In step 3, the terminal A verifies the reception 
response signal from the terminal B. In this way, the 
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connection is established. 

Thereafter, the terminal A transmits a light beam 
having a wavelength of Xl and receives a light beam having 
a wavfelength of X2. The terminal B transmits the light 
beam having a wavelength of X2 and receives the light beam 
having a wavelength of Xl. In this way, the wavelength 
division allows the data transmission and reception to 
be performed in a full duplex bi-directional way. In the 
case where the terminal B starts tran'emission earlier 
than the terminal A, the full duplex two-way 
communication is possible. 

Next^ a procedure for establishing a connection, 
in which the terminal A and the terminal B simultaneously 
start transmission both using a light beam having a 
wavelength of Xl, will be described with reference to 
Figure 8. Also In Figure 8, time elapses from the top 
to the bottom. 

In step 1, the terminal A and the terminal B both 
verify that no data signal light beam or transmission 
request signal from other terminals is detected. 
Thereafter, the terminal A and the terminal B 


- 65 - 


00R00216 


simultaneously transmit transmission request signals 
using a light beam having a wavelength of Xl, In this 
case, both the terminals A and B automatically enter a 
state in which the light receiving elements for receiving 
a light beam having a wavelength of Xl cannot be ireceived. 

In step 2, since both the terminals A and B cannot 
receive a light beam having a wavelength of Xl, no light 
is detected by the terminal A or A state of waiting 
for a response continues in the terminals A and B. In 
this case, a response waiting time is randomly set in each 
of the terminals A and B. The response waiting time is 
changed eVery time each of the terminals A and B transmits 
the transmission request. ' Therefore, one of the 
terminals A and B comes to time-out earlier than the 
other* 

If the terminal A comes to time-out earlier than 
the terminal B in step 3, the terminal A is allowed to 
receive a light beam having a wavelength of XI. 
Subsequently,, the terminal A verifies detection of a 
light beam having a wavelength of Xl emitted from the 
terminal B again. 
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Based on the detection of a light beam having a 
wavelength of Xl, the terminal A transmits a reception 
response signal using a light beam having a wavelength 
of X2 in step 4* 

5 

In step 5, the terminal B verifies the reception 
response signal from the terminal A. In this way, the 
connection Is established. 

Once the connection has been established, data 
transmission and reception can be conducted by the 
full-duplex two-way communication using the wavelength 
division, similar to Figure 7» When a connection is not 
established, the response waiting time is randomly 
changed and the procedure is repeated again from step 1. 
Therefore, a connection will eventually be established 
in any situation. 

Figure 9 is a blocJc diagram showing a 
20 communication device 950 for automatically performing 
the above -de scribed procedure. The communication 
device 950 Includes a control device 900, a light 
emitting module 420 ^ and a light receiving module 410. 
The above -described semiconductor laser device including 
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different semiconductor laser chips may be used as the 
light emitting module 420. The above-described 
reception unit of the transmission and reception unit may 
be used as the light receiving unit 410. The full duplex 
optical communication can be- realized using the 
communication device 950. Hereinafter, the operation of 
the communication device 950 will be described. 

The light emission module 410 includes single- 
wavelength light receiving elements 411 and 412. The 
Bingle-wavelength light receiving element 411 has a 
filtering ability to selectively receive a light beam 
having a wavelength of Xl . The single-wavelength light 
receiving element 412 has a filtering ability to 
selectively receive a light beam having a wavelength of 
X2* In Embodiment 4, the single-wavelengrth light 
receiving elements 411 and 412 are packaged into the light 
receiving module 410. Alternatively, the aingle- 
wavelength light receiving elements 411 and 412 may be 
separately packaged. 

The control device 900 includes a light detection 
section, a determination section, a demodulation section, 
and a selection section 490. Reception carrier 
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detect! n circuits 431 and 432 are used as the light 
detection section* A determination circuit 450 is used 
as the determination section, A demodulation 
circuit 480 is used as the demodulation section. The 
selection section 490 includes a transmission 
selector 460 and transmission driving circuits 441 and 
442. 

The reception carrier detection circuit 431 
determines whether a signal having a wavelength of Xl 
received through the light receiving element 411 is valid. 
If it is valid, the reception carrier detection 
circuit 43X outputs a signal (XlDET) indicating the 
validity, to the determination circuit 450. The 
reception carrier detection circuit 432 determines 
whether a signal having a wavelength of X2 received 
through the light receiving element 412 Is valid* If it 
is valid, the reception carrier detection circuit 432 
outputs a signal (X2DET) indicating the validity^ to the 
determination circuit 450. 

The determination circuit 450 determines the 
wavelength of an input signal. If the input signal can 
he received, the determination circuit 450 outputs a 
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reception enable signal (RxE), a reception select signal 
{XSEL> for introducing only a valid input signal to the 
demodulation circuit 480, and a transmission control 
signal (TxSel) . The transmission control signal (TxSel) 
is used for selecting a transmitted signal having a 
wavelength different from that of the input signal, when 
the transmission request signal (TxReq) is active. When 

a signal is transmitted from the light emitting module 420 

I 

to other communication devices, the signal may be 
diffracted into the light receiving mbdule 410 of the 
communication device 950, resulting in a malfunction. 
To avoid the malfunction, the determination circuit 450 
may include a reception detection select circuit (not 
shown) for Invalidating detection of a light beam so that 
the reception module 410 does not receive a light signal 
having a wavelength to another communication device. 

In Embodiment 4, the communication device 
further includes a reception signal selector 470 which 
selects a valid input signal based on a reception selector 
signal. The demodulation circuit 480 demodulates a 
selected signal. 

The transmission selector 460 selects a 
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wavelength tc be transmitted, in aocordanae with a 
transmlsfiipn request from the determination. circuit 450, 
and eielects the corresponding transmission driving 
circuits 441 and 442. The transmission driving 
circuits 441 and 442 drive the single-wavelength light 
emitting elements 421 and 422, respectively. The 
single-wavelength light emitting elements 421 and 422 
correspond to the wavelengths, Xl and ^2^' respectively. 
In Embodiment 4, the light emitting module 420 includes 
the single-wavelength light emitting elelnents 421 and 422 * 
Alternatively, the single-wavelength light emitting 
elements 421 and 422 may be Included in separate modules, 
depending on applications* When the single-wavelength 
light emitting elements 421 and 422 are to be never driven 
simultaneously, the two transmission driving circuits 
(441 and 442) may be integrated to one circuit. In this 
case, a selector circuit is provided at the output side 
of the driving circuit . This leads to a reduction in the 
scale of a circuit while the basic operation of the circuit 
is the same. Modulation circuits for transmission .are 
included in the driving circuits 441 and 442, 
respectively • In some modulation methods, the 
modulation circuits may be separated from the driving 
circuits 441 and 442 and may be provided at the 
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transmiesion data input side of the transmission 
selector 460* 

The detemlnation circuit 450 for effectively 
operating the communication device 950 can be realized 
by software or hardware. The case where the 
determination circuit 450 is realized by software will 
be initially described. 

When neither the single-wavelength light 
emitting elements 421 nor 422 are transmitting, the 
transmission request signal (TxReq) and the detection 
signals (XlDET, \2DET) are inactive. Initially, the 
states of the detection signals XlDET andX2DET are checked. 
When both XlDET and X2DET are inactive, no signal is 
received (empty state: RxEmp) . When both XlDBT and X2DET 
are active, an error state occurs (RxErr) in which 
transmission is impossible* The determination 

circuit 4 50 outputs the RxEmp signal or the RxErr signal 
to a higher level communication module, depending on 
states* When one of XlDET and X2DET is active, the active 
signal indicates that the corresponding single- 
wavelength light emitting element 421 or 422 is 
transmitting- In this case, the determination 
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circuit 4 50 recognizes a reception enable state (RxB), 

When a higher level communication module 
generates a data transmission request, the transmission 
requeTst signal (TxReq) becomes active / or a transmission 
request instruction is generated. In response to this, 
the status of the detection signals XlDET and X2DET are 
checked as described above. When the' state of the 
reception is the empty state, but not the error state, 
transmission is possible ♦ In this case the transmission 
driving circuit 441 for the wavelength ^1 or the 
transmission driving circuit 442 for the wavelength X2 
is selected and transmission is started using the selected 
transmission driving circuit. Now it is assumed that the 
transmission driving circuit 441 is selected. When the 
communication device 9S0 transmits a signal, the signal 
may be received by the light receiving module 410 (light 
receiving element 411) thereof due to diffraction, 
reflection, and the like. This prevents the full-duplex 
communication with a single- wavelength light , Therefore , 
after the transmission has started^ the output of the 
reception carrier detection circuit 431 needs to be 
invalidated, or the above -de scribed method for 
determining the reception state needs to be changed. The 
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reception carrier detection circuit 431 detects a 
reception carrier output by the light receiving 
module 410 which detects a transmitted light beam having 
a wavelength of Xl, In this situation, the communication 
device 950 waits for a light beam- having a wavelength of 
X2 which is a response from the communication device at 
the other party. The determination circuit 450 monitors 
the output (X2DET) o£ the reception carrier detection 
circuit 432 and switches the reception signal 
selector 470 to the wavelength X2 in accordance with the 
reception selector signal (XSEL) to demodulate the 
reception signal* When the output of the reception 
carrier detection circuit 432 which detects a light beam 
having a wavelength o£ X2 becomes active, the full-duplex 
communication path is established so that communication 
is ready. 

At that time, the operation at the receiving side 
is as follows. Since communication has not started, the 
outputs X.1DET and X2DET of the reception carrier detection 
circuits 431 and 432 for detecting light beams having 
wavelengths of kl and kl, respectively are inactive and 
in the empty state. The receiving side is waiting for 
a signal. When the communication device starts 
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communlcatioix and transmits a light beam having a 
wavelength of Xl, for example, the reception carrier 
detection circuit 431 detects the transmitted light beam 
and the output thereof becomes active. At that point, 
when the reception carrier detection circuit 432 detects 
a light beam having a wavelength of X2, the reception 
carrier detection circuit 432 enters an error state, so 
that it cannot perform communication • When the output 
of the reception carrier detection circuit 431 alone is 
active, the communication device 950' can receive a 
transmitted signal and switch the signal selector 470 to 
the wavelength Xl to transfer a signal having a wavelength 
of kl to the demodulation circuit 480 . The communication 
device 950 makes the reception enable signal active or 
informs a higher level communication module of 
instruction of reception enable. When receiving this 
information, the higher level communication module 
recognizes the reception ready state and requests 
transmission of a response. The communication 
device 950 receives the transmission request, and drives 
the transmission driving circuit 442 for a light beam 
having a wavelength of X2 since the communication 
device 950 determines that a signal having a wavelength 
of X2 is not currently used. A reception response signal 
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is transmitted by the light emitting element 422* During 
the tranomission of the reception response signal, the 
output of the reception carrier detection circuit 432 is 
active since it detects a light beam having a wavelength 
of due to diffraction of the light. Such an output 
needs to be invalidated or the above -described 
determination method needs to be changed. In this way, 
a full-duplex communication path is established and 
two-way data communication can start. 

Collision may occur when simultaneous 
transmission is performed. A communication protocol to 
overcome such a situation can be realized using a higher 
level communication module. A timer in which a random 
response time is provided can also be realized using a 
higher level communication module. The operation of 
those higher level communication modules is described 
above . 

Next, examples of the circuit configurations of 
the determination circuit 450 and the transmission 
selector 460 implemented by hardware will be described 
with reference to Figure 10. The present invention is 
not limited to this. Other circuits having the same 
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functions may be used. 

In order to prevent the erroneous determination 
due to the signal diffraction upon transmission^ the 
determination circuit 450 includes a reception detection 
select circuit 560, a reception wavelength determination 
circuit 505, and general-purpose gates 510 and 515. The 
transmission selector 460 and the input and output 
interfaces of the determination circuit 450 basically 
correspond to the signals shown in Figure 9. The basic 
operation thereof is the same as the above-described 
operation controlled by software. 

When neither the light emitting element 421 nor 
422 is transmitting, the transmission request signal 
(TxReq) and the detection signal for Xl and X2 (XlDET, 
X2DET) are inactive. Therefore, the transmission 
request signal TxReqX.l and TxReqX2 corresponding the 
respective wavelengths are inactive . The XlDET and X2DET 
signals are logically inveraed and input to the input 
terminal of an AND circuit of the reception detection 
select circuit 560. The >ulDBT and X2DET signals pass 
through the reception detection select circuit 560 and 
is conducted to the reception wavelength determination 
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circuit 505* The reception wavelength determination 
circuit. 505 examines these signals and when both the 
signals are inactive, it determines the empty state 
(RxEmp) where no signal Is received? when both the signals 
are active^ it determines the error state (RxErr) where 
transmission Is impossible; or when one of both the 
signals is active, it determines the state (RxXl or RxX2) 
where the corresponding signal is received- Thus, as a 
result of the determination of the reception wavelength 
determination circuit 505, the active RxEmp Indicates the 
empty state. The active ExErr indicates the error state. 
The output of the reception wavelength determination 
circuit So 5 is output through the general-purpose 
gate SlO as the reception enable signal (RxE)* The 
reception enable signal (RxB) is inactive in the reception 
error state (RxErr) or the empty state (RxEmp); and is 
active when only one of two light beams having the 
different wavelengths is received* 

The general-purpose gate 515 is a circuit for 
selecting a light beam having a wavelength of XI when 
transmission is started in the reception empty state 
(RxEmp). In this case, when the higher level 
communication module generates the data transmission 
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request, the transmission request signal (TxReq) is 
active after verifying that the communioatlon path is 
empty (i*e», RxEmp is active). In this situation, the 
output of the general -purpose gate 515 is active (H)- 
The transmission request signal TxReqXl for a light heam 
having a wavelength of Xl is active (H) when the 
transmission request signal (TxReq) is active (H). 
Transmission data (TxD) passes through an AND gate and 
is output to TxDXI to drive the transmission driving 
circuit 441, The transmission request signal TxReqXl 
may be used to control transmission driving circuit* In 
this case, the transmission request signal TxReqXl is a 
gate signal of the XlDET signal. Therefore, when the 
XlDET signal is inactive during transmission of a light 
beam having a wavelength of Xl so that the erroneous 
detection due to light diffraction or reflection is 
prevented, the transmission driving circuit 441 is locked 
into a ready state where a signal having a wavelength of 
X2 is waited. In this situation, a light beam having a 
wavelength of XI cannot be detected, so that a light beam 
having a wavelength of X2 is not transmitted by the 
transmission selector 460. 

In this situation, when the communication device 


- 79 - 


00R00216 


at the other party receives a signal having a wavelength 
of Xl and transmits a response using a light beajn having 
a wavelength of X2, the output X2DBT of the reception 
carrier detection circuit 432 becomes active^ and the 
5 RxX2 ' of the reception wavelength determination 
circuit 505 becomes active (H) . In association with this, 
the reception enable signal RxE becomes active. The 
reception selector signal XSEL is originally L and the 
reception signal selector 470 selects a light beam having 

10 a wavelength of X2, so that the signal XSEL is demodulated 
by the demodulation circuit 480 to obtain reception data 
RxD . A higher level communication module determines that 
the full-duplex communication path is established, based 
on the active reception enable " signal RxE. Thus, 

15 communication can start . In this case, the output of RxX2 
becomes active (H) and the output of the general-purpose 
gate 510 falls to L. The output of the general-purpose 
gate 515 is not changed, so that the transmission using 
a light beam having a wavelength of Xl is not changed. 

20 Further^ a signal FulD for indicating establishment of 
the full-duplex communication may be output by passing 
the reception enable signal RxE and the transmission 
request signal TxReq through an AND gate* 
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Next, the operation of the receiving side will be 
desoribed. It I0 assumed that when the communication 
device at the receiving side is in the ready state for 
receiving (the initial state where communication has not 
5 started yet), the communication device at the receiving 
side receives a signal light beam having a wavelength of 
Xl. In the ready state, the transmission request signal 
(TxHeq) is inactive (L) , bo that the gates of the reception 
detection select circuit 560 are both open . In this case , 

10 the communication device can detect either a light beam 
having a wavelength of Xl or a light beam having a 
wavelength of X2 • If both a light beam having a wavelength 
of XI or a light beam having a wavelength of X2 are received, 
the reception wavelength determination circuit 505 

15 determines that error occurs, and the reception enable 
signal RxE is not active- If one of a light beam having 
a wavelength of Xl and a light beam having a wavelength 
of X2 is received, the reception enable signal RxE is 
active, indicating a state where reception is possible. 

20 In this assumption, a light beam having a wavelength o£ 
Xl is received, the output RxXl of the reception wavelength 
determination circuit 505 is H. Since XSEL is the 
signal RxXl, the reception signal selector 470 selects 
a signal having a wavelength of Xl ,and the signal is 
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demodulated by the demodulation circuit 480 to obtain the 
received data RxD. A higher level cominunication module 
examines the reception enable signal RxB- When it is 
verified that the signal indicates the reception state, 
the transmission request signal TxReq ia transmitted in 
responsive to the signal. In this case, the output RxKl 
of the reception wavelength determination circuit 505 is 
H, and the output of the general-purpose gate 515 is L. 
The transmission request signal TxReqXZ for a light beam 
having a wavelength of X2 becomes active. The 
transmission driving circuit 442 corresponding to the 
wavelength la driven to transmit a reception response 
signal having a wavelength of X2 from the light emitting 
element 422. Meantime, since TxReqX2 Is the gat© signal 
for the X2DET signal in the reception detection select 
circuit 560, X.2DET becomes inactive, so that the circuit 
Is locked. Therefore, the transmission is fixed to the 
wavelength X2 while the reception is fixed to the 
wavelength Xl, thereby making It possible to perform the 
full-duplex communication. 

As described above, the control device detects the 
reception state of a light beam having each wavelength 
to determine the wavelength of a light beam transmitted 
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from the other party. In this case, the control d vice 
determines whether reception can be performed. If 
possible, the control device demodulates only the 
detected light beam to obtain data» On the other hand, 
a light beam having a wavelength different from the 
detected wavelength is automatically selected and 
transmitted by the control device upon reception of a 
response tranamiaeion request. Thus, the full-duplex 
communication path can be automatically provided using 
the control device, a semiconductor laser device capable 
of transmitting light beams having different wavelengths 
separately, and a light receiving element capable of 
selectively receiving a light beam having each 
wavelength. 

(Embodiment 5) 

Also in Embodiment 5, a space optical 
transmission method capable of the full-duplex 
communication will be described. Figure 11 la a 
cross -sectional view showing a space optical 
communication unit 1100 according to Embodiment 5 of the 
present invention* Embodiment 5 differs from 

Embodiment 4 in the following points- 
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1. A transmission unit (not shown) includes two 
semiconduotor laser chips for tranemitting light beams 
having wavelengths of about 900 nm and about 1.2 \m, 
respectively. 

2. A first reception unit 1122 includes a 
alllcon-based light receiving unit 1127, having a light 
reception sensitivity of about 1 fim or less, A second 
reception unit 1123 includes an Indlum-Galllum-Arsenic 
(InGaAs)- based light receiving elemerit 1128, having a 
light reception sensitivity of about 1 |xm or more. 

3'. Neither the reception unit 1122 nor 1123 
Includes a filter. 

It is assumed that two transmission and reception 
units are used to perform two-way communication- For the 
sake of simplicity, the two transmission and reception 
units are distinguished by indicating by reference 
numerals 1101 and 1102 (see Figure IIB)* It is also 
assumed that the transmission and reception unit 1101 
receives a signal transmitted from a transmission and 
reception unit 1102 at the other party. It is further 
assumed that the transmission and reception unit 1101. 
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includes a transmission unit 1121A, a first reception 
unit 1122A, and a second reception unit 1123A; and the 
transmission and reception unit 1102 includes a 
transmission unit 1121B, a first reception unit 1122B, 
and a' second reception unit 11218. 

The transmission and reception unit 1102 also 
includes a semiconductor laser chip capable of 
transmitting two light beams having wavelengths of about 
900 nm and about 1.2 ^m. It is riot possible to 
predesignate which of the light beams is transmitted. 
Upon reception of the transmitted signal light beam, the 
transmission and reception unit 1101 must determine the 
wavelength of the light beam transmitted by the 
transmission and reception unit 1102, by checking the 
reception levels of the first and second reception 
units 1122A and 1123A of the transmission and reception 
unit 1101. 

State 1: When the first reception unit 1122A 
receives a signal light bisam but the second reception 
unit 1123A does not receive a signal light beam, it is 
recognized that the transmission and reception unit 1102 
transmits the signal light beam using the laser light beam 
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having a wavelength of about 900 nm of the transmission 
unit 1121B thereof. 

State 2; When the first reception unit 1122A 
does -not receive a signal light beam but the second 
reception unit 1123A receives a signal light beam, it is 
recognized that the transmission and reception unit 1102 
transmits the signal light beam using the laser light beam 
having a wavelength of about 1.2 |m of the transmission 
unit 1121B thereof. 

Possible states are only the above-described two 
states when the transmission and reception unit 1102 
transmits a signal. Therefore, it is possible to 
determine the wavelength of the laser light beam used by 
the transmission unit 1121B of the. transmission and 
reception unit 1102. Such determination can be done in 
a short time. Based on the determination, the wavelength 
of the laser light beam of the transmission unit 1121A 
to be used for transmission from the transmission and 
reception unit 1101 is determined. This wavelength is 
set to be a wavelength different from that used by the 
transmission unit 1121B of the transmission and reception 
unit 1102. 
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In the case of State 1, the transmission 
unit H21A of the transmission and reception unit 1101 
transmits a light beam having a wavelength of about 1 . 2fim. 
In this case, the transmitted ■ light beam from the 
transmission and reception unit 1101 Is not received by 
the first reception unit 1122A, but is received by the 
second reception unit 1123A. Therefore, if the signal 
from the transmission and reception unit 1102 is received 
using the first reception unit 1122A, ^uch reception is 
not affected by the transmitted signal of the transmission 
and reception unit 1101, thereby making it possible to 
perform the full-duplex communication - 

In the case of State 2, the transmission 
unit 1121A of the transmission and reception unit llOl 
transmits a light beam having a wavelength of about 900 nm. 
In this case/ the transmitted light beam from the 
transmission and reception unit 1101 is received by the 
first reception unit 1122A^ but is not received by the 
second reception unit 1123A. Therefore, if the signal 
from the transmission unit 1121B of the transmission and 
reception unit 1102 . is received using the second 
reception unit 1123A, such reception is not affected by 
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the transmitted signal of the transmission and reception 
unit 1101, thereby making it possible to perform the 
full-duplex communication. 

In either of the two cases, the wavelength of the 
semiconductor laser chip to be used for transmission from 
the transmission and reception unit 1101 la determined 
in a short time by determining the wavelength of a signal 
light beam from the transmission unit 1121B of the 
transmission and reception unit 1102. * If transmission 
is performed using the selected semiconductor laser chip, 
the full-duplex communication can be achieved. In 
Embodiment 5, the light receiving elements having 
characteristics depending on wavelengths are used. The 
semiconductor laser chips matching the characteristics 
are used. This leads to achievement of the full-duplex 
communication without a filter. 

(Embodiment 6) 

Figure 12 shows an experimental device 1200 for 
measuring the error rates of two-way infrared 
communication devices 1200a and 1200b each including the 
semiconductor laser of the present invention as an 
infrared transmission and reception device 601 and the 
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control ddvlce of the present invention as a communication 
control device 602. 

The infrared transmission and reception 
device 601 is capable of selectively receiving a light 
beam having each wavelength* The communication control 
device 602 uses a microcomputer so as to achieve the 
above-described control functions for the experiment. 

The infrared communication dAvlcea 1200a and 
1200b each Include a switch 603 for a transmission request 
and a switch 604 for a transmission stop request ► The 
infrared communication devices 1200a and 1200b are placed 
opposing each other. When the switch 603 is turned ON, 
the communication protocol described in Embodiment 4 is 
conducted to establish the full-duplex communication path. 
An LED 611 la used to indicate that the communication path 
is in the full-duplex communication mode. An LED 612 is 
an indicator of signal detection of a light beam having 
a wavelength of XI. An LED 613 Is an indicator of signal 
detection of a light beam having a wavelength of X2. 

Error rate measurement devices 605a and 605b 
check the transmission states of the two-way infrared 
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communication. In Embodiment 6, transmission data is 
transferred from the error rate measurement device 605a 
to the infrared communiaation device 1200a. The 
infrared transmission device of the infrared 
communication device 1200a transmits the data. The data 
is then received by the infrared reception device of the 
infrared communication device 1200b and input to the 
error rate measurement device 605a. The error rate 
measurement device 6Q5a measures an error rate between 
the transmission data and the reception data. In 
contrast, transmission data is transferred from the error 
rate measurement device 605b to the infrared 
communication device 1200b. The infrared transmission 
device of the infrared communication device 1200b 
transmits the data. The data is then received by the 
infrared reception device of the infrared communication 
device 1200a and input to the error rata measurement 
device 605b. The error rate measurement device 605b 
measures an . error rate between the transmission data and 
the reception data. Thus, the states of the two-way 
communication are monitored by the two error rate 
measurement devices * checking the transmission errors 
simultaneously in sending and receiving* 
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Using the experimental devices 1200, 
transmiflfilon was performed at a transmission rat© of about 
100 Mlops over a distance of about 2 m» The turning ON 
of the transmission request switch 603 started two-way 
transmission between the experimental devices 1200a and 
1200b. The LED 611 stayed illuminated. An error meter 
indicated 0 errors. The communication was satisfactory. 

The turning ON of the transmission stop switch 604 
ended the bi-directional communication. It was 
confirmed that the full-duplex communication can be 
performed. In Embodiment 5, the experiment was 
conducted at about 100 Mbps. A higher speed transmission 
may be performed when a clock speed is increased, 

(Embodiment 7) 

In Embodiment 7, when the semiconductor laser 
chips are covered with the molded resin, the amounts of 
materials having different refractive indexes and mixed 
into the molded resin, the size or form of the molded resin, 
or the like are adjusted to obtain a light spot diameter 
of about 1 mm, PDF having a core diameter of about 1 mm 
is used as a fiber. Direct coupling between the light 
beam and the PDF is attempted. As a result, a highly 


- 91 - 


00R00216 


efficient light coupling can be performed by visual 
observation without any special instrument. The spot 
size and radiation angle of the semiconductor laser device 
are freely adjusted, so that the semiconductor laser 
device can be designed in accordance with various 
applications . 

In Embodiment 1 , the amounts of materials having 
different refractive indexes and mixed into the molded 
resin ^ the size or form of the molded resin, or the like 
are adjusted to obtain a light spot diameter of about 1 mm. 
When any other spot size is required, the Intervals 
between k plurality of semiconductor laser chips, the 
intervals between the light emitting portions of a 
multi-stripe laser, the width of the light emitting 
portion of a broad laser, or the like can be adjusted to 
obtain the desired spot size. 

( Embodiment 8) 

Figure 13 is a cross -sectional view showing a 
fiber optical transmission unit 1300 according to 
Embodiment 8 of the present invention. The optical 
transmission unit 1300 uses a POF 72 as a fiber. An 
optical mini plug 71 is attached near the tip of the POF 72 . 
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The semiconductor laser device 70 includes a package 
including a semiconductor laser chip 70a for emitting a 
light beam having a wavelength of 7 80 nm and a 
semiconductor laser chip 70b for emitting a light beam 
having a wavelength of 980 nm. The package is covered 
with a molded resin such that the spot size of an emitted 
light beam is set to about 1 mm. The semiconductor laser 
device 70 is attached to an optical mini jack (OMJ) 73. 
A light receiving element 74 which selectively receives 
a light beam having a wavelength of about 780 nm and a 
light receiving element 75 which selectively receives a 
light beam having a wavelength of about 9 80 nm are 
provided * within the OMJ 73. The OMJ 73 as a specific 
connector in Embodiment 8 will be described below. The 
light receiving elements 74 and 75 are attached to the 
optical path between the semiconductor laser device 70 
and the POF 72, Part of a light beam emitted from the 
semiconductor laser device 70 is blocked by the light 
receiving elements 74 and 75, leaving the remainder of 
the light beam transmitted to the POF 72. Similarly, 
part of a light beam from the POF 72 is blocked by the 
light receiving elements 74 and 75, leaving the remainder 
of the light beam transmitted to the semiconductor laser 
device 70. However, the semiconductor laser chips 70a 
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and 70b are shielded by the molded resin so that 
substantially no light returns to the semiconductor laser 
chips 70a and 70b. Substantially no noise due to the 
returning light is observed. 

Transmission of image information was tested 
using the fiber optical transmission units of 
Embodiment 8. In this test, the protocol described in 
Embodiment 4 was used. It was confirmed that the 
full -duplex communication can be performed. 

(Embodiment 9) 

Figure 14 is a cross-sectional view of a fiber 
optical transmission unit 1400 according to Embodiment 9 
of the present invention. Embodiment 9 differs from 
Embodiment 8 in the arrangement of the light receiving 
elements 74 and 75 within the OMJ 73. In Embodiment 9, 
the light receiving element 74 which selectively receives 
a light beam having a wavelength of about 780 nm and the 
light receiving element 75 which selectively receives a 
light beam having a wavelength of about 980 nm are 
attached on the inner surface of the OMJ 73. Therefore, 
a light beam emitted from the semiconductor laser 
device 70 and traveling straight is not blocked by the 
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light receiving elements 74 and 75 before reaching the 
PDF 72, resulting in highly efficient optical coupling. 
A light heam emitted from the POF 72 is diffracted into 
a given angle. The light receiving elements 74 and 75 
on the inner surface of the wall can even receive a light 
beam whose intensity falls within the range of 
photosensitivity thereof. As a result, even when the 
light output of the semiconductor laser device is about 
80% of that of Embodiment 8, optical transmission could 
be performed In a way similar to those in Embodiment 8» 

Further, a transmission test of image information 
was tested where a service signal of a multi-channel cable 
television was transmitted by the optical transmission 
unit 1400 o£ Embodiment 9. It was demonstrated that the 
full-duplex communication could be satisfactorily 
performed with substantially no error where the 
transmission rate was about 1 Gbps and the transmission 
distance (the length of the fiber) is about 100 m* A 
similar result was obtained when the optical transmission 
unit 1400 was used for image signal transmission between 
audiovisual (AV) devices. It was confirmed that the 
present Invention is suitable for the above-described 
signal transmission. 
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As described above, in the present Invention, the 
semiconductor laser chip and the molded resin having a 
light diffusion capability are combined so that a light 
beam emitted from the semiconductor laser chip is safely 
released into a space, thereby making it possible to 
achieve high-speed transmission with low power 
consumption. 

The use of the multi- stripe semiconductor laser 
having a plurality of light emitting portions, the broad 
stripe semiconductor laser including a light emitting 
portion having a width of about 7 p.m or more , or a plurality 
of semiconductor laser chips dramatically improves the 
reliability of the semiconductor laser device. Further, 
in this case, the spot size and radiation angle of an 
emitted light beam can be easily controlled. 

When materials having different refractive 
indexes are mixed into the molded resin, and the molded 
rasiri does not contact the semiconductor laser chip, the 
safety of eyes Is sufficiently ensured. In particular, 
the thermal resistance of the container including the 
semiconductor laser chip is preferably about 150 deg/W 
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or leas, more preferably 100 deg/W or leas. 

If a plurality of light emitting portions of the 
semiconduotbr laser chip, or a plurality of semioonduator 
laser' chips emit a light beam having the same wavelength 
band, the reliability of the semioonduator laser device 
can be improved* Further, if at least two of a plurality 
of light emitting portions of the semiconductor laser chip, 
or at least two of a plurality of semiconductor laser chips 
emit light beams having different wavelength bands, the 
full -duplex communication can be performed* 

in particular, if a light beam having a wavelength 
band of about 760 nm or more and about 1*5 fim or less, 
optical transmission is satisfactory. Satisfactory 
optical transmission is obtained with the least noise if 
the wavelength band is in the vicinity of about 90 0 nm, 
about 1.1 }im, or about 1.4 |uim. 

Furthermore, if the light receiving element 
including the wavelength determination means is used, the 
full-duplex space optical transmission system can be 
achieved. 
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The wavelength of a light beam transmitted from 
the tranamiasion and reoeptlon unit at the other party 
la automatically distinguished from a plurality of other 
light beams having different waivelengths • A wavelength 
other- than the distinguished wavelength is selected and 
a light beam haiving such a wavelength is transmitted from 
the party on this side. Whereas the space optical 
tranamiaalon such as IrDA is conventionally half-duplex 
communication, the full-duplex apace optical 
transmission can be realized in the present invention. 
Since the wavelength o£ a light beam to be used in 
transmission la not necessarily specified in advance, 
symmetrical communication can be realized without 
separation such as a main phone and a cordless handset. 
Even when the transmission and reception unit at the other 
party is changed, the setting of the wavelength selection 
la not required- The communication protocol which is 
conventionally complicated can be simplified. The 
present invention can be applicable to an IBEE1394 space 
optical transmission method. 

Vfhen the transmission and reception unit 
transmits a light beam, the reception circuit thereof Is 
controlled so that the reception circuit does not detect 
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a light beam emitted by the light emitting element thereof . 
Therefore, the transmission, and reception unit can 
perform reception without influence by its own signal^ 
thereby ensuring a satisfactory communication state* 

Further, conventionally, the dominating IEEE1394 
full-duplex optical communication system uses two fibers - 
The system can be achieved using a single fiber. The 
optical coupling of the semiconductor laser device with 
the fiber can be easily performed. 

The cylindrical connector is used to connect the 
light emitting device (semiconductor laser device) with 
the optical fiber. The light emitting device is placed 
at one end of the connector while the optical fiber is 
placed at the other end of the connector. The light 
receiving element Is placed inside the cylindrical 
connector. The use of the connector makes it easier to 
connect the semioonduotor laser device or the light 
emitting device with the fiber. Moreover, when the light 
emitting device is attached to the inner surface of the 
wall of the connector, a light beam emitted from the 
semiconductor laser device is not blocked by the light 
emitting element, thereby improving the utilization rate 
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of a signal light beam to obtain the high effiolency of 
optical coupling. 

According to the control device of the present 
invention, the wavelength of a light beam transmitted from 
a coimnunication device of the other party is automatically 
dlfiitinguiBhed from a plurality of other light beams having 
different wavelengths. A wavelength other than the 
distinguished wavelength is selected and a light beam 
having such a wavelength Is transmitted from the party 
on this side. 

According to the communication device of the 
present invention, even when the terminal at the other 
party is changed/ the setting of wavelength selection is 
not necessarily required* The communication protocol 
which is conventionally complicated can be simplified. 
Further, data transmission and reception can be performed 
by the full-duplex communication. Furthermore, when a 
protocol, in which each party sets its own random waiting 
time, is used, connection collision can be avoided if 
transmission is simultaneously performed at a plurality 
of parties. Connection can be established in any 
situation. 
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Various other modifications will be apparent to 
and can be readily made by those skilled In the art without 
departing from the scope and spirit of this invention. 
Accoridlngly, it is not intended ^that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 


